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EFFECTS OF DECOMPOSITION ON THE RECOVERABILITY OF 
BIOLOGICAL FLUID SAMPLES  
 
 
ELENA ALICE BEMELMANS 
 
ABSTRACT 
Several factors that influence the rate of human decomposition have been 
described in the literature, including temperature, access by insects, humidity and 
rainfall
1
. These environmental factors, as well as purge fluid released during 
decomposition
2
, can interact with evidence deposited on the clothing of a deceased 
individual. The present research assessed how these combined factors affect the detection 
and identification of blood and semen evidence, as well as subsequent DNA analysis.  
A 35-45 pound (lb) feeder pig (post-mortem interval (PMI) < 3 hours) was placed 
on a grassy area within the Boston University Outdoor Research Facility for a period of 
22 days or 364.3 accumulated degree days (ADD) during late spring, with the 
temperature averaging 16.5 
o
C.  Aliquots of 30 μl of either human blood or semen were 
pipetted onto 1 inch by 1 inch sections of a 95% cotton t-shirt. Twenty-two samples of 
each type were placed on top of and underneath the pig, as well as a similarly weighted 
bag of sand (control). One bloodstain and one semen stain were collected each day for a 
period of 22 days from each location, yielding 8 samples per day. Each sample was 
analyzed within 30 hours of collection.  
The blood samples beneath the control showed that environmental factors 
influenced the results of testing. Rain caused dilution and diffusion of the bloodstains and 
vi 
the color of the stains changed from red-brown to green-yellow. Kastle-Meyer (KM) 
testing was positive for all samples and ABAcard® HemaTrace® testing was positive for 
14 of 22 samples, with the negative results occurring during days 12 - 21.  Two stains 
that were negative at 10 minutes turned positive shortly thereafter, suggesting that a 
longer development time may be required for compromised samples.  The blood samples 
placed beneath the pig yielded positive KM results on all 22 days and positive 
HemaTrace® results through day 10.   All bloodstains placed on top of the pig and 
control yielded positive KM and HemaTrace® results.  
The blood samples from on top of the pig and control yielded full short tandem 
repeat (STR) profiles for each of the four days of testing (days 1, 8, 13 and 20). The 
blood samples from beneath the pig and control yielded full profiles on day 1 only. The 
three subsequent days of testing yielded a maximum of three alleles per sample, with the 
majority of samples failing to provide any profile at all.     
Semen samples from beneath the control began to show a decrease in 
fluorescence using an alternate light source (ALS) by day 3, and some areas of 
fluorescence occurred in a different location, indicating that the soluble components had 
diffused outward from the original region of deposition (ORD). Results for acid 
phosphatase (AP) and ABAcard® p-30 were mostly positive through day 16. By day 17, 
the ORD no longer fluoresced or yielded positive AP or p-30 results. With the exception 
of day 10, sperm were identified on all samples. Semen results from beneath the pig 
showed that even on day 1, the ORD was only weakly fluorescent and by day 4, 
fluorescent regions began appearing outside of the ORD. These outlying regions of 
vii 
fluorescence yielded positive results with AP Spot and p-30 testing, but showed few or 
no spermatozoa when examined microscopically. As the days passed, the ORD were no 
longer fluorescent and AP mapping and p-30 testing yielded negative results; however, 
spermatozoa could still be identified in almost all of the ORD through day 22.  
Semen samples collected from on top of the control showed that semen stains 
retained fluorescence and tested positive for AP, spermatozoa and p-30 through 22 days 
of testing. Semen samples collected from on top of the pig yielded similar results until 
day 16, when the fluorescence began to fade and AP testing did not yield traditional color 
changes associated with a positive result. By day 18, fluorescence was no longer visible 
with an ALS at 450 nm or 495 nm, however, UV light yielded positive fluorescence 
when used during days 19-21. Spermatozoa and p-30 were identified on samples 
saturated with products of decomposition, even when presumptive screening techniques 
were negative (450-495 nm) or showed an altered appearance (AP).  
Semen samples from within the ORD yielded full 16 loci profiles from beneath 
the pig and both on top of and beneath the control on each of the four days of testing. The 
samples collected from on top of the pig yielded full profiles on days 1, 6 and 14 and 
partial profiles on day 20. Samples from beneath the pig on days 6 and 14, which had 
positive presumptive results outside of the ORD, were also amplified, but failed to yield a 
profile.  
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1. INTRODUCTION 
Several factors that influence the rate of human decomposition have been 
described in the literature, including temperature, access by insects, humidity and 
rainfall
1
. These environmental factors, as well as purge fluid released during 
decomposition
2
, can interact with evidence deposited on the clothing of a deceased 
individual. While decomposition
2–7
, the detection of biological fluids
8–13
, and typing of 
the short tandem repeat (STR) loci
14–20
 are covered extensively in the literature, few 
authors, if any, address how decompositional changes affect an analyst’s ability to 
recover and analyze probative biological evidence. The present research was proposed to 
help elucidate how these combined factors affect the detection and identification of blood 
and semen evidence, as well as subsequent DNA analysis.  
 
1.1 Decomposition  
In cases involving human remains, the ability to establish an accurate post 
mortem interval (PMI) can be crucial to helping identify the victim and narrowing a pool 
of suspects, and can also help identify possible weather conditions to which the body was 
exposed. The ability to discern an accurate PMI is reliant on determining the stage of 
decomposition the body has reached. Authors have chosen to describe these stages using 
various techniques including anatomical
21
, biochemical
22
 and entomological
3
 changes to 
the body over time. Anatomical changes are generally described as a qualitative 
assessment of the condition of the body and include fresh, discoloration, bloat or active 
decomposition, advanced decomposition and skeletonization
21
. The stages described by 
2 
Payne as a response to entomological changes included fresh, bloat, active decay, 
advanced decay, dry and remains
3
. More recently, however, the field of forensic 
anthropology has begun to use quantitative assessment of decomposition by assigning a 
point value to each category and stage of decomposition
4
.  
These stages, regardless of the basis of assessment, are characterized by physical 
changes to the carrion over time. These changes are associated with specific stages of 
decomposition and can alter the immediately surrounding environment. The fresh stage 
of decomposition immediately follows death and includes the physical changes of algor 
mortis, rigor mortis and livor mortis. This stage only minimally alters the biochemical 
nature of the surrounding environment
21
.  
The bloat or active stage of decomposition (also referred to as early 
decomposition
4
), is characterized by the expansion of the abdominal cavity due to the 
break-down of host cells by both anaerobic and aerobic endosymbionts as well as the 
subsequent production of gasses. This breakdown of cellular material and tissues results 
in the production of gasses such as methane, hydrogen sulfide, carbon dioxide, ammonia, 
and sulfur dioxide. An acidic environment is also created by the production of lactic, 
acetic, acetoacetic and propionic acids
5,7
. The build-up of these and other products of 
catabolism leads to an increase in intestinal pressure and abdominal distension, 
eventually forcing these fluids to purge from the open orifices of the body
5
. Also taking 
place during the active stage of decomposition is the break-down of proteins in muscle 
that leads to the production of two highly toxic molecules from the ptomaine family. 
Ornithine is decarboxylated to form 1,4-butanediamine, also known as putrescine, and 
3 
lysine is decarboxylated to form 1,5-pentanediamine, also known as cadaverine
7
. During 
the active stage these products of decomposition may leech through the open orifices of 
the body into the surrounding environment, but are not released in substantial amounts. 
 A sizeable release of toxic, cadaveric fluid from the body occurs during the 
advanced stage of decomposition. When the pressures are severe enough, the abdominal 
wall will rupture causing the abdomen to cave in releasing acid, alcohol and gasses into 
the environment
4
. When these breakdown products are released they produce what is 
known as a decomposition island, characterized by the death of the surrounding plant 
life
6,21,
. The formation of a decomposition island suggests that there is a volatile nature to 
the decompositional fluids released, signifying that they might also impact traditional 
biological screening and STR typing methods.   
  
1.2 Biological Screening  
Biological screening in forensic science is characterized by three separate stages 
of processing: stain identification, presumptive testing and confirmatory testing. This 
sequence of testing ensures that valuable resources are not misappropriated towards 
stains that will provide little assistance in the narrowing of a suspect pool, such as a red-
brown stain that is neither blood nor human or a fluorescent stain that is not semen. 
Positive results from these presumptive and confirmatory tests for blood and semen may 
lead an analyst to conduct DNA testing. 
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1.2.1 Screening for Human Blood  
For a visible red-brown stain that is suspected to be blood, a series of steps are 
performed to ensure that it is not only blood, but human blood. The first step is to 
perform a presumptive test, such as a colorimetric assay. According to a study conducted 
in 2009 by Desroches, Buckle and Fourney, 57% of laboratories surveyed (of 47 total 
labs) indicated using the phenolphthalein or Kastle-Meyer (KM) test for presumptive 
blood testing, the most prevalent of the presumptive tests used
23
. This test works by 
utilizing the heme component of blood to catalyze the oxidation-reduction reaction of a 
colorless substrate into a colored product. Specifically, phenolphthalin exploits the 
peroxidase-like activity of heme in the presence of hydrogen peroxide to catalyze its 
oxidation from a colorless reactant into phenolphthalein, a pink-colored product
24
.  
The phenolphthalein presumptive test has been described as “the best single test” 
for presumptive indications of blood as compared to tetramethylbenzidine, 
leuchomalachite green, and orthotolidine, based on its ability to detect heme in dilutions 
as low as 1:10,000 and its failure to react with plant peroxidases. Other reagents may be 
more sensitive than the phenolphthalein test, but they are more likely to give false 
positive identifications with other non-heme peroxidases
9
. However, as these reagents all 
take advantage of the peroxidase-like activity of the heme found in blood, any blood 
source will generate a positive result, including animal blood.   
For this reason, a second, more specific test is performed to confirm blood is 
present and indicate if the blood is of human origin. Immunochromatographic assays are 
the most common method used for the identification of human blood
23
. Within these 
5 
lateral flow assays, human hemoglobin (hHb) binds to a dye-labeled mobile monoclonal 
antihuman-Hb antibody (Ab*), producing a mobile Ab*-antigen (Ag) complex within the 
sample well. As this dye conjugated Ab*-Ag complex migrates down the test strip, it 
comes into contact with an immobile polyclonal antihuman-Hb Ab in the test region. 
When hHb is present, the Ab*-Ag complex binds to the immobile Ab forming an Ab*-
Ag-Ab complex and a colored band appears. Any of the unbound mobilized monoclonal 
antihuman-Hb Ab* that has migrated down the assay strip will bind to an anti-
immunoglobulin (Ig)-Ab in a control region, forming an Ab*-Ab complex which 
produces a colored band and demonstrates that the assay is working properly. Because 
these antibodies and antigens are upper primate specific, the test only reacts with humans 
and other upper primates
12
. While several studies have shown that the test also produces 
false positives with ferret blood, pig blood does not produce a positive result
10,25
.    
 
1.2.2 Screening for Semen 
 While screening for human blood involves a single presumptive test followed by a 
single confirmatory test, identifying the presence of semen can often require four separate 
stages of screening. Due to the difficulty of visualizing semen stains on certain substrates 
including cotton
26
, the first step in locating a latent semen stain involves the use of an 
alternate light source (ALS). Next, presumptive screening for the enzyme acid 
phosphatase (AP) is conducted, followed by confirmatory microscopic analysis for 
spermatozoa. If spermatozoa are not identified, subsequent testing for the prostate 
specific (p-30) antigen is conducted to indicate the presence of seminal fluid.  
6 
 Detection of seminal stains is of great importance to investigators, especially 
during sexual assault casework. If a stain is not visible to the naked eye, either due to the 
substrate material or condition of the material on which it has been deposited, an ALS is 
the method of choice to detect these stains. Many different ALS devices used to detect 
semen stains have been described in the literature, however, each device takes advantage 
of the fluorescence excitation spectrum of semen, first described by Stoilovic
11
. This 
spectrum begins at 300 nm and extends to 495 nm, with the emission spectrum ranging 
between 400 nm and 700 nm
11,24
.  The optimum excitation wavelength has been shown to 
be 450 nm when used with an orange barrier filter
26
. 
 If an item exhibits fluorescence in a manner characteristic to semen, subsequent 
presumptive testing is performed. A commonly used method to detect the presence of 
seminal acid phosphatase is the Brentamine Fast Blue-based AP Spot test. This test works 
in the presence of acid phosphatase and α-naphtholphosphate to form a free naphthol that 
subsequently couples with a diazonium salt (Fast Blue B) to produce a purple colored 
product. However, certain plant materials and vaginal fluid contain varying amounts of 
acid phosphatase
27
, necessitating a subsequent step for the confirmation of semen.  
 The most widely accepted confirmatory test for semen relies on the microscopic 
identification of spermatozoa, as these cells are only found within semen. Commonly, 
extracts of suspected semen stains are placed onto a microscope slide and stained with the 
Kernechtrot-picroindigocarmine (KPIC) stain to make the cells more visible. The two 
components of the KPIC stain color the sperm heads red and the tails green, making the 
cells more distinguishable from the surrounding field of view
24
. Due to the fact that 
7 
spermatozoa are not endogenous to any other body fluid, their detection is considered 
confirmatory for the presence of semen. However, in males that are vasectomized or 
otherwise azoospermic, this confirmatory test will not be informative and further testing 
will be required to identify semen.  
 Another highly specific test for the presence of semen involves the detection of p-
30, or prostate-specific antigen. Even in vasectomized or azoospermic males, the p-30 
antigen is found in the seminal fluid in high enough concentrations to indicate the 
presence of semen. Similarly to the immunochromatographic strip test for blood, 
detection of p-30 involves binding of the p-30 antigen (Ag) to a mobile dye-labeled anti-
p-30 antibody (Ab*) in the sample well region. This Ab*-Ag complex migrates towards 
the test region where an immobilized anti-p-30 antibody (Ab) binds to the complex, 
forming an Ab*-Ag-Ab sandwich. If p-30 is present in the sample, this sandwich 
produces a colored band in the test region, with any unbound Ab* migrating and binding 
in the control region to an anti-Ab* antibody. These strip tests are rapid, easy to use 
12,28
 
alternatives to the labor-intensive ELISA method previously employed to detect p-30
29
.    
 
1.3 DNA Analysis   
 Individualization of biological samples, such as blood and semen, is most 
commonly performed using multiplex DNA amplification via the polymerase chain 
reaction (PCR) with subsequent typing of short tandem repeat (STR) loci
15
. Prior to the 
use of these STR loci, VNTRs (variable number of tandem repeats) and RFLPs 
(restriction fragment length polymorphisms) were used to individualize samples. These 
8 
molecules, being larger in size than STRs, were more susceptible to environmental and 
chemical genotoxicants that degrade DNA fragments. In contrast, STR loci are typically 
100 to 400 base pairs in length, which enables their detection and amplification by PCR 
even when exposed to mild environmental and chemical insults
30
. Because STR loci are 
highly polymorphic, discriminatory and small in size, they are ideal for use in forensic 
science casework, which routinely involves the analysis of less than pristine 
samples
15,16,19,31
.   
Though less so than their minisatellite predecessors, STR testing can be impacted 
by environmental insults. Exposure to UV light, certain chemicals, soil and high 
temperatures can effect DNA integrity to the extent that a genetic profile will not be 
produced
15,32,33
. Also detrimental to the recovery of intact DNA are two compounds 
regularly found in nature: water and nucleases
30
. In the case of decomposing human 
remains, a genetic sample might be exposed to a multitude of environmental and 
chemical insults that can render the sample incapable of producing an interpretable STR 
profile. These insults include: rain, soil, sunlight, humidity, insect and bacterial activity 
involved in the processes of decomposition, and exposure to toxic chemicals such as 
those produced by the cadaver (e.g. putrescine and cadaverine)
34
.  
 Research into how the decomposition of human remains affects STR typing of 
biological stain is, to the extent of the author’s knowledge, nonexistent. One can draw 
conclusions from the literature on how a biological sample might be affected by the 
conditions created by human decomposition, but this scenario has not been explicitly 
investigated.  
9 
1.4 Study Objectives 
 This study attempted to determine how presumptive screening for biological 
fluids and STR typing might be affected by decomposition. To ensure human blood and 
semen were correctly being identified as originating from deposited stains and not the 
decomposing cadaver, a porcine model was used to simulate human decomposition. 
Decompositional changes that most greatly affected testing, the types of tests most 
influenced by the decay process and possible alterations in test methods, if any, that 
should be considered were then investigated.   
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2. MATERIALS AND METHODS 
2.1 Sample Preparation and the Outdoor Research Facility 
  Two extra-large, grey Gildan® (Gildan, Montreal, Quebec, Canada) adult 
preshrunk cotton t-shirts were cut to produce two front and two back segments. On each 
of the four segments, 44 rectangular sections measuring approximately 1 inch wide by 3 
inches long, were outlined to produce 176 rectangular sections in total. Within each of 
these sections, a 1 inch by 1 inch square, designating the region into which the fluid 
sample would be placed, was stitched using Singer® (Singer Corporation, La Vergne, 
Tennessee) all-purpose black polyester thread.  
Whole human blood was obtained from an anonymous donor in a yellow top 
vacutainer tube containing ACD Solution B. Human semen was obtained from an 
anonymous donor in a plastic fluid specimen cup and was transferred into two 
microcentrifuge tubes for long term storage. Both samples were collected in accordance 
with a protocol approved by the Boston University School of Medicine Institutional 
Review Board. Each fluid sample was spotted onto the designated regions of the cotton t-
shirt within 24 hours of collection. 
 Thirty microliters of either human blood or semen was pipetted into one of the 1 
inch by 1 inch squares to make a total of 88 squares that contained blood and 88 squares 
that contained semen. Both front sections of the shirt contained 22 blood and 22 semen 
samples, while the back sections of the shirt contained 44 blood or 44 semen samples. 
The front sections were left intact and were placed directly on top of either the pig or 
control. Both back sections were cut to produce individual 1 inch by 3 inch segments, 
11 
which were then individually attached to a 12 inch long string to facilitate sample 
collection. Twenty-two blood and 22 semen samples each were placed beneath both the 
pig and control.  
 Following established protocols, a freshly deceased feeder pig (35-45 lbs.) was 
obtained from the Cummings School of Veterinary Medicine at Tufts University three 
hours prior to the start of the research period. Control samples of pig blood were 
collected at this time using a cotton swab.  
 Blood and semen samples were placed on top of and beneath both the pig and a 
25 lb. bag of sand, which served as the control. Both the pig and the bag of sand were 
individually placed into separate metal dog cages, which were located within an enclosed 
region of the Boston University Forensic Anthropology Outdoor Research Facility (ORF) 
in Holliston, MA, to prevent predation. A clear plastic shower curtain was fastened to the 
top panel of each cage to prevent the top samples from exposure to direct rain. Each of 
the two cages was placed in an area that received both sun and shade throughout the day. 
 One bloodstain and one semen stain were collected each day for a period of 22 
days (May-June) from each location, yielding 8 samples per day. Samples were analyzed 
in the laboratory within 30 hours of collection. Temperature, humidity, pressure and 
rainfall totals were collected each day upon arrival at the ORF. Photographs were taken 
and notes were made of environmental and sample conditions, as well as insect activity.  
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2.2 Blood Sample Analysis 
 At the laboratory, the blood samples were first visually inspected, noting any 
change in sample appearance and the location of any red-brown staining (RBS). 
Presumptive testing with the KM reagent was performed on the identified RBS regions. 
A drop of water was added to a cotton swab which was then pressed against the sample 
for 5-10 seconds or until there was a visible transfer of the sample to the swab. Following 
the KM reagent protocols, one drop of KM reagent was applied to the cotton swab, 
followed by one drop of hydrogen peroxide. A positive result was recorded if the swab 
appeared pink within 15 seconds.  A negative result was recorded if there was no 
apparent color change within 15 seconds.  
 Confirmatory testing was then performed on all RBS regions following the 
guidelines included in the ABAcard HemaTrace® immunoassay (Abacus Diagnostics, 
West Hills, CA) for fresh blood stained material
35
. From each bloodstain, a 3mm
2
-5mm
2
 
cutting was taken, submerged in the kit buffer and allowed to extract for no more than 
five minutes. The contents of the tube were then mixed gently for 10 seconds and six to 
seven drops of the extract were added to the HemaTrace® sample well; results were 
recorded after 10 minutes. A positive result was recorded if two pink lines appeared (one 
in the test region and one in the control region) and a negative result was recorded if only 
one pink line appeared in the control region.  
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2.3 Semen Sample Analysis 
 Upon returning to the lab, semen samples were first visually inspected, with any 
changes in sample appearance being noted. Subsequently, a HandScope® Xenon HSX-
5000 (SPEX Forensics, Edison, NJ) alternate light source (ALS) was used to locate each 
sample. A range of wavelengths (495 nm and 450 nm coupled with an orange barrier 
filter or ultraviolet (UV) light) was used to scan each sample for fluorescence. 
 Acid phosphotase (AP) testing was conducted on regions of fluorescence or in the 
original region of stain deposition (ORD) even if no fluorescence was observed. AP Spot 
solution was prepared fresh for each day of testing by adding 0.13g of AP Spot reagent 
(SERI, Richmond, CA) to 5 mL of water and stirring until the reagent was dissolved. A 
2mm
2
 cutting from the sample was taken and placed into one well of a spot plate. One 
drop of the AP Spot solution was applied and the reaction was allowed to proceed for 5 
minutes. Results were recorded as positive if a purple/blue color was observed and 
negative if no color change was observed. Approximate reaction times were also 
recorded for all positive results.  
 All samples that were AP positive and all samples from the ORD, regardless of 
AP results, were subsequently examined for the presence of spermatozoa. A second 
cutting of the sample was taken and placed into 250 µL of p-30 extraction buffer within a 
labeled microcentrifuge tube. Samples were allowed to extract on an orbital shaker at 
room temperature. The cutting was removed from the buffer after 60 minutes and placed 
into a Spin-X® insert spin basket (Costar, Corning, NY) which was added back to the 
microcentrifuge tube. The tubes were placed into the centrifuge and spun at 14000 rpm 
14 
for two minutes. The cutting and spin basket were set aside and approximately 230 µL of 
the supernatant were removed without disturbing the pellet of cellular material at the 
bottom. This volume was dispensed into a second microcentrifuge tube for antigen p-30 
testing. The pellet was resuspended in the remaining 20 µL volume by vortexing for 10 
seconds.  
 Three microliters of the resuspended pellet solution were pipetted onto designated 
areas on glass microscope slides and the samples were heat-fixed over an open flame 
until dry. The Kernechtrot-picroindigocarmine (KPIC) stain was applied to the samples 
as follows: 1-2 drops of the nuclear fast red stain (SERI, Richmond, CA) was added and 
allowed to absorb for 10-15 minutes. The stain was then rinsed with a gentle stream of 
water until the stream ran clear and was then allowed to air dry. Next, 1-2 drops of the 
picroindigocarmine stain (SERI, Richmond, CA) was added to each sample and allowed 
to absorb for one minute. The sample was then rinsed with a gentle stream of ethanol 
until the stream ran clear. When completely dry, one drop of Cytoseal (ThermoFisher 
Scientific, Waltham, MA) was added to a glass coverslip, which was then placed directly 
over the sample area. The prepared slides were viewed at 400x magnification on a 
compound microscope for the presence of spermatozoa.  A rating scale was used to 
assess the number of sperm found within each 3 μl sample (Table 1). 
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Table 1: Rating scale for slides prepared from semen stained fabric. Guidelines for assigning a 
numerical value for slides containing sperm.  
0 No sperm present on the entire slide 
1-10 count Total number of sperm found on the entire slide 
1+ Few sperm on the entire slide, difficult to locate; greater than 10 total 
2+ At least one sperm in most fields 
3+ Several sperm in most fields, easy to locate 
4+ Many sperm in most fields 
 
On all samples that were AP positive and on samples from the original region of 
deposition that were AP negative, further testing was performed to identify the presence 
of p-30 with the ABAcard ® p-30 (Abacus Diagnostics, West Hills CA) immunoassay. 
Using the remaining supernatant from the microscopy preparation, six to seven drops of 
each sample were added to a labeled p-30 immunoassay card and allowed to diffuse 
down the test strip for 10 minutes. A positive result was recorded if two pink bands 
appeared and a negative result was recorded if only one band appeared in the control 
region.  
 
2.4 DNA Analysis 
Four days were selected for each fluid type for DNA analysis based on the results 
obtained during presumptive and confirmatory screening. Days 1, 6, 14 and 20 were 
selected for the semen samples and days 1, 8, 13 and 20 were selected for the blood 
samples. For each of the samples selected, six 1.2 mm
2
 punches were taken using a Harris 
Punch (Ted Pella, INC., Redding, CA) and were placed into three separate sterile 0.2 mL 
PCR tubes, generating three sets of two punches each. In between each punch, the Harris 
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Punch, mats and equipment were cleaned with a 10% bleach solution, followed by a 70% 
ethanol solution. Samples were stored at room temperature until extraction.  
Extractions of the blood samples were carried out using the forensicGEM Blood 
extraction kit (ZyGEM, Hamilton, New Zealand). The ZyGEM extraction protocol was 
halved so that the total reagents equaled 50 μL, instead of the suggested 100 μL36. Each 
PCR tube contained 5 μL of 10x buffer RED, 44.5 μL of DNA-free water and 0.5 μL of 
forensicGEM enzyme for a final volume of 50 μL. The samples were pulse-vortexed for 
10 seconds. The samples were placed into the thermal cycler and the ZyGEM program 
was followed (incubation at 75
o
C for 15 minutes followed by 95
o
C for 5 minutes). The 
samples were centrifuged at 20,000 RCF for 5 minutes. The supernatant was removed 
without disturbing the punches or settled debris and was placed into a clean 0.2 mL PCR 
tube. Samples were stored at -20
o
C until quantification.  
Extractions of the semen samples followed a modified version of the 
forensicGEM Saliva (ZyGEM, Hamilton, New Zealand) extraction protocol
37,38
 .Five 
microliters of 10x Buffer BLUE, 4.5 μL of DNA-free water and 0.5 μL of forensicGEM 
enzyme were added to each PCR tube for a final volume of 50 μL. The samples were 
pulse-vortexed for 10 seconds, the thermal cycler protocol was resumed from the initial 
steps of the modified protocol, and the final steps followed the same protocols previously 
stated for the blood samples. 
Quantification of both blood and semen samples was carried out using the ABI 
Quantifiler® Kits (Life Technologies, Grand Island, NY) protocol. A master mix was 
created using 10.5 μL Duo Primer Mix per sample plus 12.5 μL Duo Reaction Mix per 
17 
sample. The master mix was briefly vortexed before pipetting 23 μL into each well of the 
96-well plate, followed by 2 μL of each DNA sample into its corresponding well. The 
plate was sealed, vortexed and placed into the ABI® 7500 Real-Time PCR system (Life 
Technologies, Grand Island, NY).  
Amplification of all samples was carried out using the AmpFlSTR® Identifiler® 
Plus PCR Amplification Kit (Life Technologies, Grand Island, NY). Using a target of 0.7 
ng of DNA and the quantification data, the original concentration of the samples was 
diluted using Tris EDTA (TE) buffer to final volume of between 1 and 10 μL. If the 
volume was less than 10 μL, deionized (DI) water was added to bring the final volume to 
10 μL. 
 A master mix was prepared by combining 10 μL of the previously prepared DNA 
dilution per sample and 5 μL of the primer set per sample. Fifteen microliters of the 
master mix was added to each well, followed by 10 μL of each sample, bringing the final 
volume of each well to 25 μL. Positive and negative controls were prepared by adding 10 
μL of DNA to the positive control well and 10 μL of TE Buffer to the negative control 
well. The plate was sealed, vortexed and transferred to the thermal cycler. The thermal 
cycler parameters used were: 95 
o
C for 11 minutes, 94 
o
C for 20 seconds, and 59 
o
C for 3 
minutes, for 28 cycles. The final extension was at 60 
o
C for 10 minutes, followed by a 
final hold at 4 
o
C.  
Capillary electrophoresis was carried out using an ABI Prism 3130 Genetic 
Analyzer (Life Technologies, Grand Island, NY). Samples, formamide, LIZ 600 and the 
allelic ladder were thawed prior to creating the master mix. Ten microliters of the master 
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mix were added to each well, followed by 1 µL of either allelic ladder or sample. The 
plates were vortexed, then denatured at 95 
o
C for 3 minutes. The plates were then cooled 
for 3 minutes at 4 
o
C. Once placed in the 3130 Genetic Analyzer, two injection times 
were used, 5 seconds and 10 seconds.  
Analysis was carried out using Open Source Independent Review and 
Interpretation System (O.S.I.R.I.S.) 2.3  (National Center for Biotechnology and 
Information, Bethesda, MD) using the Identifiler Plus® operating procedure, ABI-LIZ-
600-80-TO-400 internal lane standard and a threshold of 5 relative fluorescence units 
RFU for both the samples and ladder. Peak heights were then manually filtered, 
eliminating any peak that fell below a 30 RFU analytical threshold. Peak height ratios 
were calculated by dividing the lower peak height by the larger peak height and average 
peak heights were calculated for each sample. Allelic dropout was designated as a known 
allele not appearing in a sample in which other correct alleles were called.   
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3. RESULTS  
3.1 The Outdoor Research Facility: Environmental Data, Sample Observations and 
Stages of Decomposition 
3.1.1 Environmental Data 
Rainfall data showed measurable amounts of rain on days 3-6, 8, 9, 11 and 15-17 
(Figure 1). Total rainfall over the total 22 day period was 1.64 inches. Temperature data 
showed average temperatures over 10 
o
C for all days, with the exception of day 8 for the 
22 day period (Figure 2). The highest temperature recorded was 30.7 
o
C on day 19 and 
the lowest temperature recorded was 2.3 
o
C on day 9. The average temperature for the 22 
day period was 16.5 
o
C. The accumulated degree days were calculated to be 364.3.  This 
value was obtained by calculating the averages for each day, subtracting 0 
o
C, the 
temperature at which biological processes cease, and adding those results
4
.  
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Fig. 1: Rainfall Data. Amount of rainfall recorded in inches over a 22 day period. Average rainfall per day 
was 0.07 inches with a total rainfall amount of 1.64 inches.  
 
 
Fig. 2. Average Temperatures. Average temperature per day over a 22 day period. The lowest average 
temperature recorded was 8°C (day 8) and the highest average temperature recorded was 22°C (day 21).  
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3.1.2 Sample Observations 
Samples differed in appearance coinciding with their variable exposure to 
environmental conditions and decompositional changes. The fabric samples from on top 
of the pig exhibited small red-brown stains that were widely dispersed over the fabric, 
coinciding with heavy fly activity. By day 15, after the purge fluid was released and the 
ribs were exposed, these samples exhibited brown staining all over, contained pieces of 
tissue and were partially wet. The original blood samples remained visible to the naked 
eye through day 21, in contrast to the semen samples that could not be readily observed 
following deposition. The samples placed on top of the control exhibited fewer numbers 
of the small red-brown stains (correlating with minimal fly activity) and generally 
retained their original appearance. Both stain types from on top of the pig remained dry 
through day 15 with samples from on top of the control remaining dry throughout the 
testing period.  
The samples collected from beneath the pig exhibited variations in appearance 
depending on the location beneath the pig from which they were collected, while the 
samples from beneath the control were similar in appearance regardless of their location. 
On day 3, both sample types from beneath the control were wet from the rain, which 
caused visible diffusion of the bloodstain. The samples from beneath the pig showed 
similar trends in diffusion of the samples, which were visible with the blood stained 
samples. However, once purge fluid was released (days 13-15), these trends were no 
longer visually noticeable.  
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3.1.3 Changes Associated with Decomposition 
 Using the six stages of decomposition first described by Payne
3
 and the scoring 
system developed by Megyesi et al
4
, each day of sample collection from the pig was 
associated with a specific stage and score (Table 2, Figure 3). Complete skeletonization 
was not attained by the final day of testing; however, many stages of decomposition were 
reached. Figure 3 shows the stages of decomposition that the carrion reached by day 21 
while Table 2 describes the visual changes to the carrion over time as they were first 
observed.  
The fresh stage existed on the day of placement with small indications of the 
beginnings of the bloat stage noticeable on day 1. By day 2, the lower left quadrant 
(LLQ) was green and the abdomen was noticeably bloated. This stage continued through 
day 12 when there was evidence of maggot migration, blistering of the lower extremities 
and drying of the skin on the skull region. Day 13 marked the onset of active decay with 
minimal skin splitting and a small amount of purge present, while still maintaining a 
bloated appearance. Active decay was clearly evident by day 14 when the carrion was no 
longer bloated and lasted through day 16, as there was still heavy maggot presence. 
Maggots were migrating on day 17 to the point where activity on the carrion was almost 
nonexistent, marking the onset of advanced decay. By day 20, maggot activity had ceased 
and none were found on the carrion, marking the beginnings of advanced decay. By the 
final day of testing, day 21, the skull was almost completely skeletonized while skin and 
hair remained in other regions including the extremities and portions of the dorsal region 
and the abdomen in contact with the ground.  
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Fig. 3 Stages of Decomposition. Images associated with the stages of decomposition as described in Table 
2. Top left: day 0, Fresh; Top Right: day 7, Bloat; Bottom Left: day 15, Active Decay; Bottom Right: day 
21, Advanced Decay.  
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Table 2: Stages of Decomposition. Decompositional changes reached by the pig are listed below and 
categorized based on the qualitative and quantitative scales as described by Payne and Megyesi, 
respectively. The six stages of decomposition include: Fresh, Bloat, Active Decay, Advanced Decay, Dry 
and Remains
3
, only four of which were reached.  By day 21, the full pig had not reached the Dry stage; 
however, regions including the head and ribs were nearly dry. Scaled score for decomposition is based on a 
range of 1 to 12, where a value of 1 is equivalent to no change and 12 is dry bone.  
 
 
 
 
Stage of 
Decomposition
3
 
Day Novel Observations of the Pig Scaled Score
4
 
Fresh 0 
Placement of pig in ORF within three hours of death; 
flies appeared within minutes of deposition. 
Head: 1 
Trunk: 1 
Onset of Bloat 1 
Slight bloating of the LLQ and umbilicus region; eggs 
in nose and mouth  
Head: 2 
Trunk: 2 
Bloat  
2  LLQ discoloration- green; increased bloating 
Head: 3 
Trunk: 3 
3 
Full abdominal discoloration; increased bloating; 
appearance of maggots in mouth 
Head: 3 
Trunk: 3 
7 
Full bloating causing rotation of the rostral appendages 
from the original location  
Head: 6 
Trunk: 3 
9 
Blister formation on the left rostral leg, bones of the 
mouth exposed; maggots extended towards caudal 
region covering the majority of the pig 
Head: 7 
Trunk: 3 
11 
Blistering and peeling of the rostral region and ventral 
abdomen left of midline 
Head: 7 
Trunk: 3 
12 
Blistering of lower extremities and skin drying of skull 
region; maggot migration began towards heavily shaded 
area  
Head: 7 
Trunk: 4 
Onset of Active 
Decay 
13 
Abdominal skin splitting/opening; small amount of 
purge present 
Head: 8 
Trunk: 5 
Active Decay  
14 
No longer bloated; wrinkly skin; blistering present on 
dorsal region right of midline 
Head: 8 
Trunk: 5 
15 
Puddle of purge evident; heavy maggot activity near 
dorsal region with open exposed ribs; rostrum leathery 
and dry 
Head: 9 
Trunk: 6 
16 
Leathering of rear right leg; heavy maggot activity 
present 
Head: 9 
Trunk: 6 
Onset of 
Advanced 
Decay 
17 
Maggot activity almost non-existent, migration almost 
completed 
Head: 9 
Trunk: 7 
Advanced 
Decay 
20  No evidence of maggot presence 
Head: 9 
Trunk: 7 
21 
Skin and hair still present in some regions, skull almost 
fully skeletonized 
Head: 9 
Trunk: 7 
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3.2 Blood Results 
3.2.1 Samples Collected from on Top of the Pig and Control 
 All samples collected from on top of the pig through day 21 generated positive 
results with the phenolphthalein (KM) presumptive test for blood. While all results were 
positive, some reactions were instantaneous (day 0-14 and day 16) and strong 
(deep/bright in color), and others were slower and faint or light pink (day 15 and days 17-
21). Confirmatory testing for the presence of human hemoglobin (hHb) with the 
HemaTrace® immunoassay produced positive results with all samples (days 0-21) (Table 
3). 
 All samples collected from on top of the control produced positive results with the 
presumptive KM test for blood through day 21. Similarly to the results obtained from the 
samples collected from on top of the pig, not all positive results appeared at the same 
time or to the same degree of intensity. Several samples produced instantaneous and 
strong positive results (days 0-18), while others generated either a strong positive result 
(day 19) or faintly positive results (days 20 and 21). Confirmatory testing for the 
presence of hHb with the HemaTrace® immunoassay produced positive results with all 
samples (days 0-21). 
 
3.2.2 Samples Collected from Beneath the Pig and Control 
All samples collected from beneath both the pig and control produced positive 
results with the presumptive KM test for blood through day 21. Samples collected from 
beneath the pig showed instantaneous, strong results through day 13 and on day 16. On 
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the remaining days the results were positive, with variations in strength of the color 
produced and the time for the color change to appear. Samples collected from beneath the 
control showed instantaneous, strong positive results through day 18, with strong positive 
results appearing within the 15-second window on days 19-21. 
Confirmatory testing for the samples collected from beneath the pig using 
HemaTrace® immunoassay was positive through day 10 and negative on all subsequent 
days. Reexamination of the immunoassay cards at approximately the 30-minute mark 
showed a delayed positive result on day 11 and day 12 samples. 
Beginning on day 10, the samples recovered from beneath the pig showed 
multiple secondary locations of RBS. Through day 15, these secondary locations were 
tested using KM and the HemaTrace ® assay, producing instantaneously positive KM 
results, but negative HemaTrace ® results. After day 15, these secondary locations were 
no longer tested using either method due to the previous six days of negative human 
hemoglobin results.  
Confirmatory testing for the presence of hHb with the HemaTrace® immunoassay 
for samples collected from beneath the control produced positive results on days 1-11, 13 
and 16. The red-brown coloring of the samples changed to green by day 7 and lasted 
through day 18, and the RBS appeared highly diluted and almost non-visible for days 19 
through 21. Samples collected from the remaining days produced negative results for the 
presence of hHb during the manufacturer recommended ten-minute reaction time. 
However, upon reexamination of the immunoassay card at around 30 minutes, a delayed 
positive result was observed with day 18 and day 21 samples. 
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Table 3: Results for presumptive and confirmatory tests for the presence of blood collected from on 
top of and beneath the pig and control. Sample names: the first letter denotes sample collection from 
either the Control (C) or Pig (P); second letter denotes sample collection from Top (T) or Bottom (B); the 
two digit number denotes on which day of testing the sample was collected; numbers with a dash (-1, -2, 
etc.) indicate multiple regions of the sample were tested; (+) positive result; (Neg.) negative result; (*) 
negative result that turned positive after 10 minutes; (**) green colored sample  
Control Top Pig Top  
Sample KM HemaTrace ®  Sample  KM HemaTrace®  
CT01 to CT21 (+) (+) PT01 to PT21 (+) (+) 
Control Bottom Pig Bottom 
Sample KM HemaTrace ®  Sample  KM HemaTrace®  
CB0 to CB11 (+) (+) PB0 to PB10-1 (+) (+) 
CB12 (+) Neg. PB11-1 (+)  Neg.*  
CB13 (+) (+) PB12-1 (+) Neg.*  
CB14 (+) Neg. PB13-1 (+) Neg. 
CB15 (+) Neg. PB14-1 (+) Neg. 
CB16 (+) (+) PB15-1 (+) **  Neg.  
CB17 (+) Neg. PB16 (+) Neg. 
CB18 (+) Neg.* PB17 (+) Neg. 
CB19 (+) Neg.  PB18 (+) Neg. 
CB20 (+) Neg.  PB19 (+) Neg. 
CB21 (+) Neg.*  PB20 (+) Neg. 
Other Samples PB21 (+) Neg. 
Sample KM Hematrace Pig Bottom Outlying regions 
Human Blood Instant (+) (+) Sample KM HemaTrace® 
Fly feces (+) (+) PB10-2 to PB14-2 (+) Neg. 
Porcine Blood (+) Neg. PB15-2 (+) ** Neg. 
  
3.2.3 Other Samples 
Additionally, two freshly prepared control stains (porcine blood and human 
blood) as well as suspected fly feces deposited around the samples were tested. As 
expected, the human blood control produced positive results with both KM and 
HemaTrace® tests; porcine blood produced positive KM results, but negative 
HemaTrace® results. Small clusters of red brown stains, likely produced by insect 
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activity, gave positive results with both KM and HemaTrace® tests, indicating a transfer 
of the human sample in very small amounts.  
 
3.3 Semen Results 
3.3.1 Samples Collected from on Top of the Pig and Control 
 Samples collected from on top of the pig and within the ORD exhibited 
fluorescence between 450 nm and 495 nm through day 15, with faint results on days 16 
and 17. Day 18 exhibited no fluorescence, while fluorescence was observed on days 19-
21 using UV light. AP Spot results were positive in the ORD through day 16.  Once the 
samples became contaminated with products of decomposition, positive AP reactions did 
not display traditional color changes presumably due to the interaction with the darkly 
colored contaminants.  Therefore, positive results were recorded if the fabric became 
darker and the solution changed color, as was seen on day 17 and days 19-21. Regardless 
of the AP Spot test result, the ORD’s each produced positive p-30 results. Spermatozoa 
were subsequently identified on all samples from the ORD. 
 On days 5-17, multiple regions of fluorescence were observed outside of the ORD 
for the samples on top of the pig (Table 4). In only two of these outlying regions were AP 
tests positive, however these two regions were negative for p30 and only one showed a 
single spermatozoa. The remaining outlying regions exhibiting fluorescence were not AP 
positive and were therefore not screened for p30 or spermatozoa. 
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Table 4: Results for presumptive and confirmatory tests for the presence of semen collected from on 
top of the pig. (+) positive; (Neg.) negative; (†) faint AP result;  (*) orange/brown coloring;  (**) 
brown/pink  coloring.  Spermatozoa were counted and rated based on the values in Table 1. 
 
Original Regions of Deposition (ORD), Pig Top 
Sample Fluorescence AP P-30 Spermatozoa 
PT0 to PT16-1 (+) (+) (+) 1(+) to 4(+) 
PT17-1 (+) (+)** (+) 1(+) 
PT18-1 Neg. Neg. (mapping) (+) 2(+) 
PT19-1 (+), (UV only) (+)* (+) 4(+) 
PT20-1 (+) (UV only) (+)*  (+) 4(+) 
PT21-1 (+) (UV only) (+)** (+) 4(+) 
Outlying Regions, Pig Top 
Sample Fluorescence AP P-30 Spermatozoa 
PT05-2 (+) Neg. -- -- 
PT06-2 (+) Neg. -- -- 
PT06-3 (+) Neg. -- -- 
PT07-2 (+) Neg. -- -- 
PT08-2 (+) Neg. -- -- 
PT09-2 (+) Neg. -- -- 
PT10-2 (+) Neg. -- -- 
PT11-2 (+) (+)
†
  Neg. 0 sperm 
PT12-2 (+) Neg. -- -- 
PT13-2 (+) (+)* Neg.  1 sperm 
PT14-2 (+) Neg. -- -- 
  
 For the samples collected from on top of the control, results for all tests 
(fluorescence, AP, p-30 and microscopic identification of spermatozoa) were positive 
through the full 22 days of sample collection from the original region of deposition 
(ORD) (Table 5). These regions exhibited strong fluorescence between 450nm and 
495nm when viewed with an orange filter. Presumptive testing with the AP Spot reagent 
produced a blue/purple color change, indicating the presence of the AP enzyme in the 
ORD. When tested for the presence of the p-30 antigen using the ABACard® p-30 
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immunoassay, results were positive for the presence of p-30 in all ORD’s. Spermatozoa 
were microscopically identified in the ORD of all samples collected.  
 A few of the samples (day 2, 10, 11, 13, 14 and 17) exhibited fluorescence in 
other regions of the fabric, but these regions were negative for the presence of AP. 
Subsequent tests were not performed due to the negative results for the presence of the 
AP enzyme. 
Table 5: Results for presumptive and confirmatory tests for the presence of semen collected from on 
top of the control. Samples were named in the same manner as the blood samples. Fluorescence was 
examined by using an ALS (UV, 450 and 495 nm) and photographing with the wavelength that produced 
the most visible stain. (+) positive; (Neg.) negative. Spermatozoa were counted and rated based on the 
values in Table 1. 
Original Regions of Deposition (ORD), Control Top 
Sample Fluorescence AP P-30 Spermatozoa 
CT0 to CT18-1 (+) (+) (+) 1(+) to 3(+) 
CT19-1 (+) (+) (+) 2(+) 
CT20-1  (+) (+) (+) 1(+) 
CT21-1 (+) (+) (+) 1(+) 
Outlying Regions, Control Top 
CT06-2 (+) Neg. -- -- 
CT10-2 (+) Neg. -- -- 
CT11-2 (+) Neg. -- -- 
CT13-2 (+) Neg.  -- -- 
CT14-2 (+) Neg. -- -- 
CT17-2 (+) Neg.  -- -- 
 
 
3.3.2 Samples Collected from beneath the Pig and Control 
Samples collected from beneath the pig exhibited weak fluorescence in the ORD 
beginning on day 1, with the regions losing all fluorescence by day 14 (with the 
exception of day 20). AP Spot testing produced negative results by day 9 leading to the 
start of AP mapping by day 10. Mapping was successful on a majority of the samples, 
only producing negative results on days 15, 16, 18 and 21 within the ORD.  P-30 testing 
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was positive through day 10 and negative on the remaining days. When p-30 results for 
day 11 were examined approximately 20 minutes later, however, a band had appeared in 
the test region, indicating the presence of the p-30 antigen in this sample. Microscopic 
examination for spermatozoa was successful on all samples with the exception of day 16. 
Day 10 had fewer than 10 spermatozoa on the entire slide, but the remaining 20 samples 
all had a score of 1+ or higher.  
Similarly to the samples from on top of the pig and control, the samples from 
beneath the pig exhibited fluorescence outside of the ORD. In the outlying regions, 
fluorescence was visible on days 4-16, with many of these regions exhibiting greater 
fluorescence than that of the corresponding ORD. AP Spot testing was positive in these 
outlying regions on days 4-6, 8 and 13. AP mapping produced positive color changes on 
days 10-12, 14, 18, 19 and 21. P-30 testing showed positive results in these regions on 
days 4-6 and 8, with all other outlying samples producing negative p-30 results. 
Spermatozoa were observed on samples 5-1 and 8-1, but the scoring was less than a 1+ 
for each sample, indicating less than 10 spermatozoa on each of these outlying samples. 
On the remaining samples (4, 5-3 and 6-2) no spermatozoa were observed. Only on day 
5-2 was there greater than 10 spermatozoa present (Table 6). 
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Table 6: Results for presumptive and confirmatory tests for the presence of semen collected from 
beneath the pig. (+) positive; (Neg.) negative . Spermatozoa were counted and rated based on the values in 
Table 1. (
†
) faint AP result; (
††
) faint fluorescence; (*) orange/brown color change;  (**) brown/pink color 
change; (
Δ
) highly contaminated sample.  
 
Original Region of Deposition (ORD), Pig Bottom 
Sample Fluorescence AP P-30 Spermatozoa 
PB0 (+) (+) (+) 3(+) 
PB01 to PB04-2 (+)
†† 
(+) (+) 1(+) to 2(+)   
PB05-4 Neg. (+) (+) 3(+) 
PB06-1 (+)
††
 (+) (+) 3(+) 
PB07-1 (+)
††
 (+) (+) 1(+) 
PB08-overlap (+)
††
 (+)
†
  (+) 3(+) 
PB09-2 Neg. Neg.  (+) 3(+) 
PB10-1 (+)
††
  (+) (mapping) (+) 6 sperm  
PB11-orig Neg. (+)
† 
(mapping) 
Neg. @ 10 min., (+) 
later 
2(+)  
PB12-1 Neg. (+) (mapping) Neg. 2(+) 
PB13-orig (+)
††
  (+) (mapping)  Neg. 1(+)
Δ 
PB14-orig Neg.  (+) (mapping)  Neg.  2(+) 
PB15-orig Neg. Neg. (mapping) Neg. 3(+) 
PB16-orig Neg. Neg.  Neg. 0 sperm 
Δ 
PB17-orig Neg. (+) (mapping)  Neg.  2(+) 
PB18-orig Neg. Neg.  Neg. 1(+) 
PB19-1 Neg. (+) (mapping) Neg.  2(+) 
PB20-1 (+) (+)** Neg. 3(+) 
PB21-orig Neg. neg.  Neg. 3(+) 
Outlying Regions, Pig Bottom  
Sample Fluorescence AP P-30 Spermatozoa 
PB04-1 (+) (+) (+) 0 sperm 
PB05-1 (+) (+)
†
 (+) 2 sperm 
PB05-2 (+)
††
 (+)
†
 (+) 12 sperm 
PB05-3 (+) (+)
†
 (+) 0 sperm 
PB06-2 (+)
††
 (+) (+) 0 sperm 
PB-07-2 (+) Neg. -- 
-- 
PB08-1 (+) (+) (+) 3 sperm 
PB08-2 (+)
††
 Neg.  -- -- 
PB09-1 (+) Neg. -- -- 
PB10-2 (+) (+) (mapping) Neg. 0 Sperm 
PB11-1 (+)
††
 (+) (mapping) Neg. 1 sperm 
Pb12-2 (+)
††
 (+) (mapping) Neg. 0 sperm 
PB13-1 (+)
††
 (+) Neg.  0 sperm 
PB14-1 (+) (+)* Neg. 0 sperm 
PB14-2 (+) (+)**
†
 Neg. 0 sperm 
PB15-1 (+)
††
 (+)* Neg. 0 sperm 
PB16-1 (+)
††
 Neg. -- -- 
PB18-1 to PB21-2 Neg. (+) (mapping) Neg. 0 sperm 
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Samples collected from beneath the control and within the ORD exhibited weak 
to no fluorescence by day 3 and no fluorescence by day 15. For samples that did not 
exhibit fluorescence, AP mapping was performed in the place of traditional AP Spot 
testing. AP Spot or mapping results were positive through day 11 and on day 14, which 
included the masked color changes previously described in section 3.3.1. The remaining 
samples were negative for the presence of AP. Antigen p-30 results were positive through 
day 10 as well as on day 13 and 16, with the remaining days giving negative results. 
Spermatozoa were identified in the ORD on all 22 samples regardless of the results for 
the presumptive screening tests.  
 Similarly to the samples from beneath the pig, outlying regions of fluorescence 
were observed, with a few outlying regions showing stronger fluorescence than the ORD 
(day 4, 5 and 15). AP Spot and mapping results were negative or weakly positive for 
these outlying regions. For the regions that exhibited positive AP results, only days 4, 5 
and 15 were positive for the presence of antigen p-30. When present, only 1 
spermatozoon was visible in samples from these outlying regions, with the exception of 
sample CB15-2, which had more than 10 sperm present (Table 7). 
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Table 7: Results for presumptive and confirmatory tests for the presence of semen collected from 
beneath the control. (+) positive; (Neg.) negative. Spermatozoa were counted and rated based on the 
values in Table 1.  (
†
) faint AP result; (
††
) faint fluorescence; (***)  stains close in proximity to ORD.  
Original Regions of Deposition (ORD), Control Bottom 
Sample FluorescenceALS 
(nm) 
AP P-30 Spermatozoa 
CB0 to CB02 (+) (+) (+) 1(+) to 3(+) 
CB03 (+)
†† 
(+) (+) 1(+) 
CB04-2 (+)
††
 (+) (+) 4(+) 
CB05-1 (+)
††
 (+) (+) 4(+) 
CB06-1 (+)
††
 (+)
†
 (+) 1(+) 
CB07-1 (+)
††
 (+) (+) 2(+) 
CB08-1 Neg. (+)
†
 (+) 1(+) 
CB09-1 (+)
††
 (+) (+) 4(+) 
CB10-1 (+)
††
 Neg. (+) 1(+) 
CB11-1 (+) (+)
†
 Neg. 1(+) 
CB12-orig Neg. Neg. (mapping) Neg. 6 sperm  
CB13-orig Neg. Neg. (mapping) (+) 2(+) 
CB14-1 (+)
††
 (+)
†
 Neg. 1(+) 
CB15-orig Neg. Neg. (mapping) Neg.  1(+) 
CB16-orig Neg. Neg. (mapping)  (+) 2(+) 
CB17-orig to CB21-orig Neg. Neg. (mapping) Neg. 1(+) to 2(+) 
Outlying Regions, Control Bottom 
Sample Fluorescence AP P-30 Spermatozoa 
CB04-1 (+) (+) (+) 1 sperm 
CB05-2 (+) (+)
†
 (+) 1 sperm 
CB05-3 (+) (+)
†
 (+) 1 sperm 
CB06-2 (+) Neg.  -- -- 
CB07-2 (+) Neg. -- -- 
CB08-2 (+) Neg. -- -- 
CB09-2 (+) Neg. -- -- 
CB10-2 (+) (+)
†
 Neg. 0 sperm 
CB11-2 (+) (+)
†
 Neg.  0 sperm 
CB12-2 (+) (+) Neg. 0 sperm 
CB13-1 (+) Neg.  -- -- 
CB14-2 (+) Neg. -- -- 
CB15-1 (+)
††
 Neg. -- -- 
CB15-2 (+) (+)
†
 (+) 1(+)*** 
CB16-1 (+) Neg. -- -- 
CB17-1 (+) Neg. -- -- 
CB20-1 (+) Neg. -- -- 
 
 
 
35 
3.4 DNA  
 Typing of the STR loci was performed on blood (Table 8) and semen (Table 9) 
samples collected on four different days throughout the testing period (days 1, 8, 13, 20 
for blood and days 1, 6, 14, 20 for semen). Multiple cuttings taken from each sample and 
were designated as 1-a, 1-b, etc. For each of the fluid samples, full concordance was seen 
between all cuttings analyzed where allele calls were made above threshold.   
3.4.1 Full vs. Partial Profiles 
  Samples were designated as producing a full, a partial or no profile (Table 8). A 
full profile consisted of correct allele calls at each of the 16 Identifiler® Plus loci, a 
partial profile had at least one correct allele call per profile and a designation of no profile 
was given if there were no correct alleles called above the 30 RFU analytical threshold. 
 Blood samples from on top of the pig produced at least one full profile per day for 
the four days tested, with only one sample producing no profile on day 13 and one partial 
profile (drop-out rate of 19% or 6/31 alleles) on day 20. Blood samples from beneath the 
pig produced full profiles on day 1, predominantly partial profiles on day 8 (maximum 
drop-out rate of 97% or 30/31 alleles) and did not produce any profile on days 13 and 20. 
Samples collected from on top of the control yielded full profiles for all samples tested. 
Samples from beneath the control yielded full profiles on day 1 and, at best, partial 
profiles (maximum drop-out rate of 97% or 30/31 alleles) through the remaining days of 
testing. However, the predominant result was no profile on days 8, 13 and 20.   
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Table 8: DNA profiles for all blood samples. DNA analysis results were classified as “full”- all alleles at 
all loci present, “partial”- at least one correct allele for the sample, or “no profile”- no correct allele calls 
for the sample. Each sample is designated in a similar manner as above with the addition of the last letter 
(a, b, or c) to indicate which set of sample punches produced which type of profile. 
 
 
Sample Profile Sample Profile 
B-PT-1a Full B-CT-1a Full 
B-PT-1b Full B-CT-1b Full 
B-PT-1c Full B-CT-1c Full 
B-PT-8a Full B-CT-8a Full 
B-PT-8b Full B-CT-8b Full 
B-PT-8c Full B-CT-8c Full 
B-PT-13a No Profile B-CT-13a Full 
B-PT-13b Full B-CT-13b Full 
B-PT-13c Full B-CT-13c Full 
B-PT-20a Partial B-CT-20a Full 
B-PT-20b Full B-CT-20b Full 
B-PT-20c Full B-CT-20c Full 
Sample Profile Sample Profile 
B-PB-1a Full B-CB-1a Full 
B-PB-1b Full B-CB-1b Full 
B-PB-1c Full B-CB-1c Full 
B-PB-8a Partial B-CB-8a No Profile 
B-PB-8b No Profile B-CB-8b No Profile 
B-PB-8c Partial B-CB-8c No Profile 
B-PB-13a No Profile B-CB-13a Partial 
B-PB-13b No Profile B-CB-13b No Profile 
B-PB-13c No Profile B-CB-13c No Profile 
B-PB-20a No Profile B-CB-20a No Profile 
B-PB-20b No Profile B-CB-20b Partial 
B-PB-20c No Profile B-CB-20c No Profile 
 
Semen samples from on top of the pig produced full profiles for the first three 
days of testing, while on day 20 three partial profiles were observed with a maximum 
dropout rate of 93% (27/29 alleles). Semen samples from beneath the pig were capable of 
generating full profiles for all four days of testing, with three partial profiles (maximum 
drop-out rate of 7%, 2/29 alleles) observed on day 6, 14 and 20. Semen samples from on 
top of the control produced full profiles on all four days tested, with samples from 
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beneath the control showing both full and partial profiles (maximum drop-out rate of 
10% or 3/29 alleles) for the four days of testing (Table 9).  
Table 9: DNA profiles for all semen samples. DNA analysis results were classified as “full”- all alleles at 
all loci present, “partial”- at least one correct allele for the sample, or “no profile”- no correct allele calls 
for the sample. Each sample is designated in a similar manner as above with the addition of the last letter a, 
b, or c to indicate which set of sample punches produced which type of profile. 
 
Original Regions of Deposition 
Sample Profile Sample Profile 
S-PT-1a Full S-CT-1a Full 
S-PT-1b Full S-CT-1b Full 
S-PT-6a Full S-CT-6a Full 
S-PT-6b Full S-CT-6b Full 
S-PT-14a Full S-CT-14a Full 
S-PT-14b Full S-CT-14b Full 
S-PT-14c Full S-CT-14c Full 
S-PT-20a Partial S-CT-20a Full 
S-PT-20b Partial S-CT-20b Full 
S-PT-20c Partial S-CT-20c Full 
Sample Profile Sample Profile 
S-PB-1a No profile S-CB-1a Full 
S-PB-1b Full S-CB-1b Full 
S-PB-6-1a Full S-CB-6a Full 
S-PB-6-1b Partial S-CB-6b Full 
S-PB-14a Full S-CB-14a Partial 
S-PB-14b Partial S-CB-14b Full 
S-PB-14c Full S-CB-14c Partial 
S-PB-20a Full S-CB-20a Partial 
S-PB-20b Partial S-CB-20b Partial 
S-PB-20c Full S-CB-20c Full 
Outlying Regions 
Sample Profile Sample  Profile 
S-PB-6-2a No Profile S-PB-14-2a No Profile 
S-PB-6-2b No Profile S-PB-14-2b No Profile 
 
 
 
3.4.2 Peak Height Ratios 
 For each sample, a peak height ratio (PHR) was calculated for each heterozygous 
loci by dividing the smaller peak height by the larger peak height to produce a value less 
than or equal to one. Heterozygous loci that experienced dropout of one or both alleles 
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were assigned a PHR value of zero. Homozygous loci along with samples that showed 
full profile dropout were not used in the calculations of PHR.  
Blood samples from on top of the pig showed minimal change over time for day 
1, day 8 and day 13 with PHR averages of 0.898, 0.895 and 0.905, while the day 20 
sample exhibited signs of degradation (PHR average of 0.726) (Figures 4, 5). Similarly to 
the control, blood samples from beneath the pig began to show signs of degradation by 
day 8. The day 8 sample had three alleles above threshold while days 13 and 20 did not 
yield a profile at all.  
 
Figure 4. Peak Height Ratios for Bloodstains on Top of the Pig. Total loci used for calculations were 45 
(day 1), 45 (day 8), 30 (day 13) and 45 (day 20). Average peak heights for each day are depicted as (     ). 
Homozygous locus TPOX was not used for this calculation. 
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Figure 5. Average Peak Heights for Bloodstains on Top of the Pig. Average peak heights for each locus 
were calculated using each set of punches provided. Homozygous locus TPOX was not used for this 
calculation.  
 
 
 Blood samples obtained from on top of the control showed little change over time 
with PHR averages of 0.920, 0.923, 0.896 and 0.888 for each of the four days of testing 
(Figure 6). These samples did not exhibit dropout at any locus for any sample over the 
four days of testing (Figure 7). In contrast, samples obtained from beneath the control did 
not produce useable profiles after day 1 of testing. Day 8 produced no profile while days 
13 and 20 produced only one allele above threshold each.   
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Figure 6. Peak Height Ratios for Bloodstains on Top of the Control. Total loci used for calculations 
were 45 (day 1), 45 (day 8), 45 (day 13) and 45 (day 20). Average peak heights for each day are depicted as 
(    ). Homozygous locus TPOX was not used for this calculation. 
 
 
 
 
 
 
Figure 7. Average Peak Heights for Bloodstains on Top of the Control. Average peak heights for each 
locus were calculated using bloodstains collected on day 1, 8, 13 and 20. Homozygous locus TPOX was 
not used for this calculation.  
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 Semen samples obtained from on top of the pig showed greater degradation over 
time (Figures 8, 9) than did the samples from on top of the control. Samples collected 
from on top of the pig showed minimal degradation until day 20, when only nine alleles 
were above threshold for 48 total loci. PHR averages were 0.905, 0.919, 0.874 and 0.362 
for each of the four days tested. The samples collected from beneath the pig that were 
from the ORD showed less degradation than the samples from above the pig (Figures 10, 
11). Samples from beneath the pig remained relatively uncompromised for each of the 
four days tested: day 1 had one sample fail to amplify, day 6 had one locus drop out of 
one sample and day 14 only had one allele drop out in one sample while day 20 had two. 
PHR averages for these samples were 0.913, 0.810, 0841 and 0.750, respectively.  
Samples from beneath the pig collected from outlying fluorescing regions on days 6 and 
14 failed to produce a single correct allele call above threshold in any of the samples 
tested.  
 
Figure 8: Peak Height Ratios for Semen Stains on Top of the Pig. Total loci used for calculations were 
26 (day 1), 26 (day 6), 39 (day 14) and 9 (day 20). Average peak heights for each day are depicted as (    ). 
Homozygous loci TH01, TPOX and D5S818 were not used for this calculation. Day 20 had only nine 
alleles above threshold for 48 total loci.  
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Figure 9. Average Peak Heights for Semen Stains on Top of the Pig. Average peak heights for each 
locus were calculated using each set of punches provided. Homozygous loci included TH01, TPOX and 
D5S818. 
 
 
 
 
Figure 10. Peak Height Ratios for Semen Stains Beneath the Pig. Total loci used for calculations were 
13 (day 1), 26 (day 6), 39 (day 14) and 39 (day 20). Average peak heights for each day are depicted as (    ). 
Homozygous loci TH01, TPOX and D5S818 were not used for this calculation. Each day showed 
compromised samples: one extract failed to amplify on day 1, D2S1338 dropped out of one sample on day 
6, on day 14 one allele dropped out and on day 20 two alleles dropped out.   
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Figure 11. Average Peak Heights for Semen Stains Beneath the Pig. Average peak heights for each 
locus were calculated using each set of punches provided. Homozygous loci included TH01, TPOX and 
D5S818. 
 
Semen samples obtained from the control showed little, if any, degradation over 
time (Figures 12-15). PHR averages for samples from on top of the control were 0.887, 
0.899, 0.866 and 0.870 for each of the four days of testing (day 1, 6, 14, 20). PHR 
averages from samples from beneath the control were 0.921, 0.854, 0.814 and 0.739 for 
each of the four days of testing with an increase in the rate of dropout by day 20 (five loci 
exhibit dropout). This indicates minor degradation of the samples occurred over time.  
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Figure 12. Peak Height Ratios for Semen Stains on Top of the Control. Total loci used for calculations 
were 26 (day 1), 26 (day 6), 39 (day 14) and 39 (day 20). Average peak heights for each day are depicted as 
(     ). Homozygous loci TH01, TPOX and D5S818 were not used for this calculation. 
 
  
 
 
 
 
 
Figure 13. Average Peak Heights for Semen Stains on Top of the Control. Average peak heights for 
each locus were calculated using each set of punches provided. Homozygous loci were TH01, TPOX and 
D5S818. 
0
0.5
1
1.5
0 5 10 15 20 25
P
ea
k
 H
ei
gh
t 
R
at
io
 
Sample Day  
Peak Height Ratio for Semen, Control Top, over 
time  
0
1000
2000
3000
4000
5000
A
v
er
ag
e 
P
ea
k
 H
ei
gh
t 
(R
F
U
) 
Marker 
Average Peak Heights For Semen, Control Top Over Time  
Day 1
Day 6
Day 14
Day 20
45 
 
Figure 14: Peak Height Ratios for Semen Stains Beneath the Control. Total loci used for calculations 
were 26 (day 1), 26 (day 6), 39 (day 14) and 39 (day 20). Average peak heights for each day are depicted as 
(   ). Homozygous loci TH01, TPOX and D5S818 were not used for this calculation. Day 14 had two loci 
exhibit dropout and day 20 had five loci exhibit dropout. 
 
 
 
 
 
 
 
 
Figure 15. Average Peak Height for Semen Stains Beneath the Control. Average peak heights for each 
locus were calculated using each set of punches provided. Homozygous loci included TH01, TPOX and 
D5S818.  
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4. DISCUSSION 
  Over the 22 day period, the samples from on top of the pig were exposed to 
sunlight and varying temperatures, heavy fly and maggot activity, a common occurrence 
during decomposition, and by day 15, the contents of the abdominal cavity. As the days 
progressed, each of these samples became more contaminated with decomposition fluids 
in contrast to the samples from on top of the control. The samples from beneath both the 
pig and control, while protected from sunlight and direct contact with rain, were exposed 
to soil, grass, ground moisture from rainfall and the natural moisture found in the New 
England woodland, as well as any purge fluid released from the carrion. Rainfall 
accumulated intermittently from day 3 through day 17; by day 13, the fluid contents of 
the abdomen of the pig began to purge into the environment and by day 15 it was evident 
that the majority of the purge fluid had been released and that the abdomen had caved in.  
As the data have shown and the discussion will prove, these factors played the biggest 
part in the dilution, masking and degradation of the body fluid samples collected from 
beneath the pig and control over the course of this research.  
 A carrion will decompose naturally in temperatures greater than 0
o
C and bacteria 
assisted decomposition processes will continue as long as temperatures remain above 
10
o
C
4
. On only one day (day 8) did the average temperature reach below 10
o
C. These 
compounds and breakdown products include gases such as hydrogen sulfide, and acids 
such as lactic and acetic acids 
5,7
,  decreasing the pH in the surrounding environment 
22
, 
as well as the production of the toxic ptomaines putrescine and cadaverine 
5,7,39
. As the 
body progressively decomposes, these compounds leech into the soil interacting with any 
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clothing present on the body. It has been reported that these and other products of 
decomposition create an early acidic environment in the soil beneath the body
7
 and a 
cadaveric decomposition island characterized by the death of surrounding plant life
6
. This 
cadaveric decomposition island appeared on day 16, indicating that the deposited blood 
and semen present on samples beneath the pig came into contact with the same 
compounds that caused the island formation.  
 
4.1 Blood Samples  
 Interestingly, blood samples from on top of the pig and the control produced 
identical presumptive results - all stains were KM and HemaTrace® positive through day 
21. This demonstrates that successful presumptive testing for blood is possible despite 
adverse environmental surroundings and exposure to minimal decomposition factors, and 
suggests that exposure to harsh conditions should not deter an analyst from deciding to 
pursue biological testing. 
As was previously noted, the samples collected from on top of the pig and control 
showed differing patterns in degradation of the STR profile, with average PHR values 
from on top of the pig exhibiting degradation while those from above the control 
producing full, non-degraded profiles. This decline in PHR values for samples on top of 
the pig could be attributed to a number of things. It has been previously reported that 
sunlight
40
 and chemicals can degrade DNA and that their effects become exacerbated 
over time 
15
. However, it has also been shown that extreme temperatures (up to 65 
o
C) 
and high levels of humidity (100%) do not have as detrimental of an effect on stains 
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provided that they are dried completely prior to exposure to these environmental 
extremes. Conversely, wet stains exposed to this severe environment encouraged 
bacterial growth and had negative effects on the recoverability of DNA
17
.  
The samples from on top of the pig and control were exposed to direct sunlight 
through the sides of the cage and shielded from the rain, leaving the stains predominantly 
dry for the testing period. By day 15, the samples from on top of the pig were exposed to 
the intestinal contents of the pig, leading to a saturation of the samples. The day 20 
samples from on top of the pig were the only ones to show degradation of the STR 
profile, indicating that something about their environment caused this change. Knowing 
that both collection sites were exposed to sunlight, as well as the same temperatures and 
humidity levels, suggests that the environment created by the processes of decomposition 
contributed to the decline in PHR. Whether this degradation was caused by exposure to 
bacterial species, chemicals such as putrescine and cadaverine, or something else related 
to decomposition is unknown. These data suggest that the process of decomposition and 
prolonged exposure to moist/wet surfaces have a greater effect on the recovery of DNA 
than exposure to sunlight, temperature and humidity. Despite some degradation, 
successful blood testing results and STR profiles were obtainable from these minimally 
contaminated samples, indicating that forensic biological testing should still be attempted 
on evidence associated with decomposed remains. 
Samples from beneath the pig and control, however, showed vastly different 
results. Over the 22 day period, the samples beneath the pig and control were exposed to 
rain and moisture, products of decomposition, bacteria and maggot activity as well as the 
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soil upon which the samples were placed. The rain water and high levels of moisture in 
the soil were responsible for diluting the samples, as made evident by the dampness of 
the fabric samples, by day 3, the discoloration of the bloodstains from red-brown to green 
by day 7 and the apparent increase in the size of the stains from day 0 through day 21. 
According to Tobe, Watson and Daéid, the phenolphthalein reagent is sensitive up to a 
1:100,000 dilution, however at this level of dilution, the authors results indicated that the 
loci tested yielded no results at this low level of cellular material 
13
. Another widely held 
theory is that soil can interact with the DNA or the PCR reaction to inhibit typing of the 
sample
32,33,41,42
.   
Both the samples from beneath the pig and the control interacted with soil and 
rainwater, but only samples from beneath the pig were exposed to the products of 
decomposition. With the sensitivity of the KM reagent ranging from 1:10,000 to 
1:1,000,000 
9,13
 and the HemaTrace® immunoassay ranging from 0.05 μg Hb/mL to 0.07 
μg Hb/mL (1:256 dilution of a dried blood stain)25, the compounding effects of the 10 
days of rain diluted samples from below both the pig and control to a point of non-
detection for the HemaTrace® immunoassay and STR genotyping.  
More specifically, the samples from beneath the pig and control gave positive KM 
reactions through day 21. This is understandable, as the sensitivity of this test is higher 
than the HemaTrace® immunoassay, which began showing negative results on day 11 
and 12 for the pig and control samples, respectively. It must be noted, however, that 
samples from beneath the control were intermittently positive for human Hb after day 12, 
while the compounding effects of exposure to moisture and decompositional fluids 
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rendered human Hb completely undetectable in the samples from beneath the pig from 
day 11 through day 21. One can thus infer that samples exposed to moisture alone might 
still have detectable levels of human Hb, while successful detection decreases when 
testing samples exposed to both moisture and decomposition. 
Interestingly, four of the HemaTrace® tests returned unexpected data. Day 11 and 
day 12 samples from beneath the pig and day 18 and 21 samples from beneath the 
control, which were negative at the manufacturer’s suggested 10-minute testing 
window
35
, returned positive results after 25 minutes.  These stains were green in color, 
appeared highly diluted, and in the case of the samples from beneath the pig, were 
covered in maggots. The HemaTrace® technical information sheet states that in some 
cases, an alteration to the testing method should be considered. Specifically, the 
instructions suggest soaking older bloodstains in ammonia prior to extracting them with 
the provided buffer, and for washed stains it is suggested that a larger cutting be used and 
extraction time be increased
35
. This suggests that when testing possible bloodstains that 
are atypical in appearance and are collected from an area exposed to a wide range of 
environmental insults, analysts should consider increasing the size of the cutting taken 
(size permitting), extending the extraction time and/or reaction time, modifying the 
extraction method, or a combination of the four. This is not the first time that these 
suggestions have been made in reference to highly compromised samples. It was noted by 
Valenzuela that longer extraction times for compromised samples would be advantageous 
for increasing the solubility of stains exposed to high amounts of heat which in turn 
would lead to an increase in the detection limits of this test method
43
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As for the STR profiles, no profile was obtained beginning on day 8 for samples 
from beneath both the pig and the control. The appearance of partial and no STR profiles 
by the day 8 sample coincides directly with the change in sample coloring from red-
brown to green on day 7, indicating that the samples were diluted/altered, but not yet 
masked by decomposition (for samples from beneath the pig only). These results indicate 
that even though presumptive indications of blood are given, the sample might not have 
the requisite amount of intact cellular material present for successful STR analysis using 
the Identifiler® kit. This data indicates that retrieving intact DNA capable of generating 
full STR profiles is reliant upon an analyst’s ability to identify and collect blood samples 
that have not been exposed to extended periods or high levels of moisture.  
 
4.2 Semen Samples  
 The data for semen samples collected from on top of the pig show that 
presumptive screening tests were not affected by the processes of decomposition until the 
carrion had reached the advanced stages. Exposure of the samples to the contents of the 
abdomen caused fluorescence to be detectable only with UV wavelengths and weakening 
of the AP Spot test reaction. However, even with diminished testing for fluorescence and 
AP activity, p30 and spermatozoa were still detected and identified, indicating that 
minimal exposure to decompositional fluids will not destroy all indications of the 
presence of semen. Analysts should be aware of this trend when a body is discovered in 
an advanced state of decomposition and should not dismiss the possibility of recovering 
probative biological evidence. The data for semen samples collected from on top of the 
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control indicate that 22 days of exposure to ambient weather conditions alone, with the 
exception of rain, does not impair any of the presumptive screening tests for the 
identification of semen.  
More specifically, AP Spot testing began to show alterations in the color changes 
associated with a positive reaction on days 17 and 19-21 due to the contaminated 
condition of the samples collected from on top of the pig. The traditional color change 
associated with the AP Spot test is the appearance of a purple color, however, when a 
sample is so completely soiled by its environment, i.e. products of decomposition and 
interactions with flies and maggots, the color change may be masked by the contaminants 
dissolving in the test solution. In this instance, the solution became much darker with the 
addition of the reagent, but the characteristic dark purple did not appear. The fabric, 
which normally showed light pink to purple coloration, would also show amber to brown 
coloration when the levels of contamination were high. After the continued appearance of 
unanticipated color changes, the lack of purple color formation upon the addition of the 
AP Spot reagent should not be taken as a negative result if two conditions are met: the 
appearance of a darker colored solution and a heavily soiled appearance, including dark 
brown staining and/or pieces of tissue attached to the sample. The latter would mask the 
purple color.     
 The STR typing of samples from on top of the pig revealed full profiles for days 
1, 6 and 14 with the observation of highly degraded profiles by day 20.  Degradation was 
indicated by the nine total alleles that were above threshold yielding a PHR average for 
that day of 0.362, a sharp decrease from the PHR average of day 14, which was 0.874. It 
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is known that UV light degrades DNA
15,40
 and scanning of the day 20 samples with a UV 
light source, albeit briefly, as well as constant exposure of this sample to sunlight over 
the testing period took place. However, this extreme degradation of the day 20 pig sample 
profiles cannot be solely attributed to UV exposure as the control samples would have 
shown degradation of their profiles as well. The samples from on top of the control 
yielded full, non-degraded profiles indicating that UV light alone did not degrade the 
samples from on top of the pig.   
Another possible cause of degradation could have been exposure to the internal 
cavity of the pig and products of decomposition. Interaction with any of the products of 
decomposition as well as heavy maggot and fly activity could be responsible for the 
degradation of the day 20 samples. Again, if this were the sole cause of degradation, the 
samples from beneath the pig would have shown similar rates of allelic drop out and 
degradation; they did not. Therefore, the products of decomposition alone are not 
responsible for the degradation of the DNA profile.  
It is likely that the degradation is a combination of the two. When the semen 
samples from on top of the pig began to be exposed to the products of decomposition, 
degradation began to take place. Over the five days of exposure to the internal contents of 
the pig, the sample may have become exceedingly degraded, but not to the point of 
complete sample dropout. However, with exposure to both the UV light used during 
screening and continual sunlight, the sample would be more degraded. These 
compounding effects would eventually lead to extreme levels of dropout in the samples 
from on top of the pig, while those from on top of the control remained intact and those 
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from beneath the pig only had one to two alleles drop out. These findings provide another 
point for analysts to keep in mind when screening for semen: UV light can degrade 
already compromised samples past the point of usefulness during STR analysis. This is 
speculative, however, and further research would have to be completed in order to 
definitively state whether this is the cause of the degradation of the sample.  
After the onset of rainfall by day 3, fluorescence started fade from strong to weak 
for samples collected from beneath the control. With compounding rainfall and increased 
moisture retained in the soil, fluorescence was at best faintly visible or non-existent after 
day 8. The prolonged exposure to moisture also diluted the AP enzyme and p30 antigen 
to the point where their activities were no longer detected by days 10 and 11, 
respectively. With direct AP testing, it has been shown that positive results can be 
obtained in samples diluted between 1:500 to 1:900
44
. With rainfall beginning on day 3, it 
is possible that by day 10, these samples had been diluted to the point where the enzyme 
was no longer detectable.  
 On three of the days where the fluorescence and AP Spot results were negative, 
the p-30 results were still positive. Research has shown that in instances of sexual assault, 
a post-coital swab is almost 50% more likely to produce positive p-30 results than AP 
results
45
, indicating that the p-30 antigen is more stable than the AP enzyme. The present 
research showed that positive results with p-30 testing were obtained more frequently 
(13/22 days) than AP test results (8/22) when collected from an environment exposed to 
moisture. The AP colorimetric results were also more ambiguous than the p-30 
immunoassay. Several test days yielded weakly positive results or took longer to develop, 
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which, according to some lab protocols, might be deemed an inconclusive or negative 
determination.  
 The semen samples from beneath the pig gave fewer positive presumptive 
indications of semen than did the samples from beneath the control. Fluorescence was 
already weakened by day 1, which, unlike samples from beneath the control, does not 
correspond to the onset of rain activity. Conversely, the AP and p30 negative results did 
correlate with the onset of rain. AP results were negative on day 9 and only AP mapping 
produced positive results thereafter. With weakened fluorescence patterns that are 
uncharacteristic of semen staining, it is perhaps more prudent for the analyst to simply 
begin with AP mapping, bypassing fluorescence screening entirely once later stages of 
decomposition have been reached or when it is evident that samples have been exposed to 
rain or moisture. During the course of this research, this method proved to be better at 
identifying regions of possible semen staining than did fluorescence.  
Acid phosphatases are abundant in nature and are found in humans and many 
different animal species
46
. The samples from beneath the control were exposed to 
moisture much like the samples from beneath the pig. The control samples lost AP 
activity well before the samples from beneath the pig did, indicating that the environment 
beneath the decomposing pig is responsible for the greater amount of AP positive results 
observed from samples beneath the pig. The increase in positive results for the AP Spot 
test might be due to pig AP or, perhaps, the samples were better preserved and thereby 
gave positive results.  
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The stability of the p-30 antigen was affected by the carrion more than the AP 
enzyme, as made evident by the negative results obtained by day 12 and sustained 
through day 21. However, it is also possible that the cuttings taken for the p-30 
immunoassay were somehow not in ideal condition for the reaction. By day 13, the 
abdomen of the pig had opened and released its contents into the surrounding 
environment, contaminating the samples. These fluids caked onto the samples, which 
could have influenced how well the stain was released into the extraction buffer. For 
example, one of the p-30 immunoassay test results was initially negative, but when 
examined shortly after the testing window was positive; this was also observed with 
several of the HemaTrace® immunoassays results. This result is a point of interest that 
should further be examined in order to ascertain if varying the size of the cutting, or the 
extraction or reaction time would create more ideal conditions for these compromised 
samples.   
Of interest was the observation that even though presumptive tests were negative, 
spermatozoa were still observed in all but one sample (day 16 from beneath the pig). 
When performing the microscopic analysis for day 16, the sample was so highly 
contaminated with what appeared to be bacteria and other debris that only a green and red 
background was visible. Spermatozoa could have been present that were not 
distinguishable. Regardless of the screening test results, the spermatozoa seemed to be 
the most resilient component of semen when exposed to the harsh conditions of their 
respective environments. Clusters of spermatozoa were often found entangled within 
fibers present during microscopy as well as individually observed in the surrounding 
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empty space. These findings suggest that if semen may be present but screening tests are 
negative, analysts should consider the possibility that the soluble components of semen 
have degraded while spermatozoa may still be present. This consideration should be 
noted if the sample has been exposed to moisture or decompositional fluids.   
With the degradation of the seminal proteins and the fluorescent components of 
semen, it is difficult to identify where spermatozoa are present or if they are present at all. 
Traditionally, negative presumptive test results halt subsequent screening and cause a 
sample to be considered negative for semen. This research showed, however, that 
regardless of the presumptive screening results, spermatozoa can be present well into the 
advanced stages of decomposition and that full genetic profiles can still be obtained. For 
samples from beneath the control, minor degradation was observed with an increase in 
dropout by day 20. Similarly, samples from beneath the pig had minor degradation with 
very minimal allele drop out observed. These data indicate that spermatozoa are the most 
resilient portion of semen with respect to forensic testing and that the decompositional 
products do not play as much of a role in the PHR decline as does simple environmental 
conditions such as rain.  
The outlying regions highlighted in the data tables were tested because they 
showed greater fluorescence than did the ORD. Few of these regions were positive for 
presumptive testing, however, some of them did yield positive results. It was observed 
that the closer the fluorescent region was to the ORD, the more likely it was to test 
positive with the three subsequent tests. The data showed that the soluble components of 
semen were capable of migrating or diffusing outward from the original region of 
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deposition, giving false indications that semen was present in these regions. While these 
components were capable of migrating outward from where they were deposited, the 
spermatozoa remained largely within the ORD.  
These data show that the seminal fluid components of semen are able to diffuse 
outward from where they were first deposited while the spermatozoa largely remain 
stationary in the fibers of the ORD. When evidence samples are exposed to moisture, 
screening tests might fail, while genetic material is still present. Alternatively, the 
evidence exposed to moisture could test positive for all screening tests, but fail to identify 
spermatozoa. This is not because the donor is azoospermic, but because the region 
identified is an outlying region, not the ORD. The outlying regions analyzed for STR 
profiles gave no DNA profile, as compared to their ORD counterpart, which produced 
full profiles. Inarguably, the most important part of a semen stain is the portion that 
contains the genetic material. This genetic material is the only way to directly link a 
suspect to the item of evidence. In only two of the more than 35 fluorescent outlying 
regions, were there greater than 10 spermatozoa. These screening results are concerning 
because if an analyst collects a sample from one of these outlying regions based on the 
greater amount of fluorescence observed, rather than identifying the ORD that contains 
the genetic material, information will be lost and/or incorrect conclusions may be made.  
 
4.3 Study Limitations 
 Several caveats must be kept in mind while analyzing the results of this 
experiment. First and foremost, the decomposing entity was not of human origin. While 
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porcine models have been found to be acceptable surrogates for studies investigating 
human decomposition
24
, many of these studies have merely investigated entomological or 
post mortem interval concerns. During this study, body fluids from the pig were allowed 
to interact with the biological samples placed on top of and beneath it. Had this study 
been carried out with human remains, presumptive testing results for the presence of 
human blood may have been more prevalent due to origination from the deceased 
individual and would have been more comparable to case work.  
 Second, blood samples were collected into yellow top Vacutainer® tubes 
containing Acid Citrate Dextrose (ACD) solution B. These tubes are generally used to 
collect whole blood for HLA genotyping as well as DNA and paternity testing
47
. Blood 
samples from a crime scene will not contain ACD and it is not known whether this 
chemical affects the efficacy of a blood sample exposed to environmental and chemical 
insults.  
 Third, the investigator was aware of where the samples were originally deposited, 
making it easier to identify where the samples might be during the screening process. For 
example, ALS screening for semen was one of the methods most affected by this 
knowledge. Areas exhibiting weak fluorescence not characteristic of semen stains might 
have been overlooked had the area of deposition not been clearly delineated.  
 Finally, the samples placed in the ORF were protected from scavenging animals 
by placing the pig within a metal-wired dog cage, as well as from direct rain, by use of a 
plastic covering. Had scavengers and rain been allowed to interact with the samples on 
top of both the control and the pig, the outcome of the testing may have been altered.  
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5. CONCLUSIONS 
This data indicated that blood samples collected from on top of a decomposing 
body can give positive presumptive indications and confirmatory results for blood 
through 22 days of exposure to sunlight and the advanced decay stage (a rating of 7) of 
decomposition. During this same time frame, STR typing begins to show indications of 
degradation after active decay (a rating of 5) has begun. Active decay is made evident by 
the exposure of the intestinal contents to the external environment as well as the opening 
of the abdominal and thoracic cavities. If an analyst can recognize this stage of 
decomposition, he or she should also recognize that the STR profile might be degraded 
even if presumptive and confirmatory testing indicates that blood is present, signifying 
that a change in standard protocols should be considered.  
The data showed that for blood samples collected from beneath the carrion, 
exposure to a moist environment is detrimental to the ability to detect human Hb, and 
plays a critical role in the recovery of any useable STR profile. 
For semen samples collected from on top of the carrion, this data showed that UV 
light was capable of detecting stains when blue light failed. For AP spot testing, it must 
be taken into account that the color of the contaminants might alter the visual appearance 
of the positive color change. STR typing for semen samples on top of the carrion is 
capable of producing full profiles through early decomposition and it is only after this 
point that samples start to show degradation and extremely partial profiles.  
For semen samples from beneath the carrion, the data showed migration of 
components is possible when exposure to environmental insults such as rain occurs. 
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Spermatozoa, however, were found to be highly resilient to the environmental insults to 
which the samples were exposed, as full genetic profiles were still produced. In instances 
where these proteins are identified but spermatozoa are not, and the PMI suggests that the 
item could have been exposed to rain or moisture, surrounding regions of the item of 
evidence should be screened for spermatozoa even if presumptive testing fails because 
those are the areas that yielded full STR profiles. For other scenarios where a sexual 
assault is highly suspected, but screening produces negative results, sampling of regions 
where semen is most likely to be found, e.g. the crotch region of underwear, should be 
performed.    
 Comparisons between the blood and semen samples can also be made. While it 
was difficult to obtain even partial STR profiles from the blood samples from beneath the 
carrion by early stages of decomposition, the semen samples showed that full STR 
profiles could be obtained from beneath the carrion through advanced stages of 
decomposition. This suggests that in an environment beneath decomposing remains, the 
cellular material containing DNA is more stable in semen than in blood.   
 The processes of decomposition do appear to play a role in whether an analyst can 
detect and generate an STR profile. Testing should first be performed in regions that were 
not exposed to rain or other diluents. Overall, it can be reasoned that if a PMI is found to 
include rain to which the decedent had been exposed or the individual is in advanced 
stages of decomposition, these factors are likely to have an effect on the recoverability of 
biological fluid evidence. However, analysts should be cautioned to not simply exclude 
an item as unimportant or unlikely to yield valuable information due to its state of 
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contamination or diluted appearance, as spermatozoa and other cellular components can 
be persistent in these conditions.   
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6. FUTURE WORK 
 Several observations were noted during the course of this experiment that should 
be investigated further. First, the extent to which the liquid components of semen will 
migrate when exposed to moisture should be explicitly studied. Patterns of migration 
would include how wide in diameter a positive reaction can be obtained for each test, 
which components travel the furthest or not at all, and the amount of moisture needed to 
cause migration compared to complete loss of signal. After obtaining this data, a range 
should be calculated describing the largest diameter at which spermatozoa are likely to be 
recovered.  
 Second, there were several instances where the immunoassay cards were negative 
within the allotted testing period, but returned positive results a short time later. This 
indicates that the antigen being screened for is indeed present, but requires more time to 
initiate a positive reaction. Traditional methods of screening are not intended for highly 
contaminated samples such as those encountered during the course of this research. For 
samples that have been exposed to and are covered in products of decomposition and 
those that have been exposed to moisture, increasing the sample sizes and extraction and 
reaction times could assist in reducing the number of false negatives that are observed.  
Third, exposure to rain was limited for the samples on top of both the pig and 
control, but the samples beneath both were exposed to the rain that had settled into the 
ground. This moisture had profound effects on each type of fluid, which limited the 
findings that could have been made about how the products of decomposition alone 
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would affect these samples. It would be of interest to see how these samples would react 
when rain and moisture are completely blocked from having interaction with the samples.   
 Finally, great strides have been made in being able to identify degraded DNA 
samples using miniSTR multiplex kits. The miniSTR kits are able to identify degraded 
DNA samples because these kits have positioned the primer region as close as possible to 
the repeat sequence, which leads to a reduced amplicon length
18,20,48
. Several of the 
samples tested during this research showed degraded STR profiles. It would be 
interesting to determine whether these miniSTR kits are better suited to analyze samples 
that have been exposed to an environment in which human remains are decomposing in 
order to establish more efficient protocols for the STR analysis of samples from these 
environments. 
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